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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a method for preserving an immobilized enzyme, capable of preserving the 
immobilized enzyme stable for a long period of time by drying the immobilized enzyme material of an oxidation reduction 
enzyme immobilized by a coordinate bond in a state of forming a composite with the oxidized substrate material and preserving 
in a suirounding environment having a lower oxygen concentration than that of an ordinary atmosphere. 
SOLUTION: An immobilized enzyme obtained by immobilizing an oxidation and reduction enzyme such as an oxidase or a 
dehydrogenase, etc., by a coordinate bond is made into a composite state with an oxidized substrate such as an alkali metal salt. 
After drying in the state of composite, the dried immobilized enzyme material is preserved in a surrounding atmosphere of 
≤ 1 vol% oxygen concentration, preferably ≤0. 1 vol.%. This method is especially useful for the preservation of an 
immobilized glucose oxidase frequently used for measuring a blood sugar or a glucose in a fermented liquid. 
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CLAIMS 



[Claim(s)] 

[Claim 1] The store method of the immobilized enzyme characterized by drying the immobilized-enzyme 
object of the oxidoreductase which performed covalent-bond fixation where the substrate oxidant and 
complex of this immobilized-enzyme object are formed, and usually saving the oxygen density in the 
circumference environment of the aforementioned dryness immobilized-enzyme object in the state of a 
low compared with the atmosphere. 

[Claim 2] The store method of the immobilized-enzyme object according to claim 1 whose substrate 
oxidant is an alkali-metal salt. 

[Claim 3] The store method of the immobilized-enzyme object according to claim 1 or 2 whose 
aforementioned oxidoreductase is oxidizing enzyme. 

[Claim 4] Oxygen permeability Store method of an immobilized-enzyme object according to claim 2 or 3 
which an enzyme fixed object is enclosed [ store method ] into the container which consists of a material 
which are 100 ml/m2, atm, and 24 hrses or less, and which can be sealed, and makes the oxygen-uptake 
nature matter live together in a container. [ the method of an enzyme being a glucose oxidase, and a 
substrate oxidant being the sodium or potassium salt of a gluconic acid, and usually changing the oxygen 
density in circumference environment into a low state compared with the atmosphere ] 
[Claim 5] The immobilized-enzyme stabilization inclusion body which comes to enclose the complex of 
the immobilized-enzyme object of an oxidoreductase, and the substrate oxidant of this enzyme into the 
container which usually changed the oxygen density into the low state compared with the atmosphere. 
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TECHNICAL FIELD 



[The technical field to which invention belongs] Using an immobilized enzyme, in case this invention 
analyzes, it relates to the method and the immobilized-enzyme stabilization inclusion body for 
preservation which save an immobilized-enzyme object stably. 
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PRIOR ART 



[Description of the Prior Art] The analytical method using the immobilized enzyme is spreading focusing 
on a clinical field and a fermentation measurement field. The number of use of the electrochemical 
biosensor [ so-called ] which detects the electrode active substance fluctuated by the enzyme reaction as 
an analysis apparatus using especially the immobilized enzyme is increasing the height of the simple 
nature of operation, and precision, and on account of advanced selectivity. When especially an 
immobilized-enzyme object makes an enzyme and a cross linking agent react and is fixed by covalent 
bond, it excels in the repeatability of repeat measurement, and since curtailment of the analysis cost by 
repeat use of an enzyme is possible, it is observed. 

[0003] However, the fall of activity will not be avoided, if the immobilized enzyme itself uses a 
biomolecule and it is used for a long period of time. Although an immobilized enzyme will be exchanged 
when activity naturally falls, as a store method of an immobilized enzyme, it was conventionally common 
for it to have ( been immersed and to have saved an immobilized enzyme at the low temperature (2-15 
degrees C) of the grade which is not frozen in the suitable buffer solution. In order to carry water in the 
case of the long-distance transportation which takes a place since an immobilized-enzyme object is saved 
by this method and to prevent the disclosure, severe packing was needed, and when it was exchange, 
there was a trouble of being polluted with the buffer solution with which the operator or the work site 
fell. Simultaneously, possibility that the buffer solution itself will become suitable culture media, such as a 
microorganism, was high, and the immobilized enzyme itself may have been destroyed by contamination 
by mold etc. 

[0004] Although it might become an effective cure to transportation, the pollution control by disclosure 
of liquid, microbial contamination, etc. when the preservation by the dryness adopted by the general free 
enzyme could adopt by the covalent-bond type immobilized enzyme, in order to solve the 
above-mentioned trouble, the method of making dry the immobilized-enzyme object formed of covalent 
bond, and saving stably was not put in practical use conventionally. 

[0005] Especially about the glucose oxidase fixed object for glucose measurement, in a clinical field, in 
spite of having been used for bedsides, or there having been many examples used in the production site of 
production by fermentation and having demanded simple transportation and the store method, it had not 
realized. 
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EFFECT OF THE INVENTION 



[Effect of the Invention] According to this invention, an immobilized enzyme can be saved at stability for 
a long period of time. 
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TECHNICAL PROBLEM 



[Problem(s) to be Solved by the Invention] Then, it aims at offering the practical method of saving stably 
the enzyme fixed object of oxidoreductases, such as oxidizing enzyme containing a glucose oxidase, or a 
dehydrogenase, by dryness in this invention. 
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MEANS 



[Means for Solving the Problem] this invention indicates the following store methods and 
immobilized-enzyme stabilization inclusion bodies of an immobilized-enzyme object. 
[0008] Term 1. Store method of the immobilized enzyme characterized by drying the 
immobilized-enzyme object of the oxidoreductase which performed covalent-bond fixation where the 
substrate oxidant and complex of this immobilized-enzyme object are formed, and usually saving the 
oxygen density in the circumference environment of the aforementioned dryness immobilized-enzyme 
object in the state of a low compared with the atmosphere. 

[0009] Term 2. Store method of the immobilized-enzyme object of the term 1 publication whose 
substrate oxidant is an alkali-metal salt. 

[0010] Term 3. Store method of the term 1 whose aforementioned oxidoreductase is oxidizing enzyme, 
or an immobilized-enzyme object given in 2. 

[001 1] Term 4. Oxygen permeability Store method of the immobilized-enzyme object of the term 2 or 3 
publications which an enzyme fixed object is enclosed into the container which consists of a material 
which are 100 ml/m2, atm, and 24 hrses or less, and which can be sealed, and make the oxygen-uptake 
nature matter live together in a container. [ the method of an enzyme being a glucose oxidase, and a 
substrate oxidant being the sodium or potassium salt of a gluconic acid, and usually changing the oxygen 
density in circumference environment into a low state 

[0012] Term 5. Immobilized-enzyme stabilization inclusion body which comes to enclose the complex of 
the immobilized-enzyme object of an oxidoreductase, and the substrate oxidant of this enzyme into the 
container which usually changed the oxygen density into the low state compared with the atmosphere. 
[0013] Since a glucose oxidase fixed object is used abundantly at blood sugar measurement and the 
glucose measurement in fermented mash, especially stabilization of this enzyme is called for. 
[0014] 

[Embodiments of the Invention] Oxidizing enzyme and the dehydrogenase which can perform oxidation 
reduction of an electrode active substance are most used abundantly as an enzyme used for analysis, this 
invention is applied to what carried out covalent-bond fixation of these enzymes. Covalent-bond fixation 
uses many chemical agents, such as an aldehyde of the many functional-groups nature which reacts with 
the amino group of the protein which is the main part of an enzyme molecule, and builds combination 
between molecules, a silane coupling agent, a thiol group, and a reagent that reacts. For example, many 
functional-groups nature aldehydes, such as a glutaraldehyde and glyoxal, are the example of 
representation. In case these bridge formation is performed, protein other than enzyme protein, for 
example, gelatin, a serum albumin, etc. may be made to live together, or you may make enzymes other 
than an oxidoreductase, for example, hydrolase etc., live together. Moreover, synthetic macromolecules, 
such as the poly lysine and the poly allylamine, may be made to be able to live together in order to raise 
the intensity of the fixed object after constructing a bridge besides protein, and polysaccharide, such as 
chitin chitosan, can also be made to live together. 

[0015] Although oxidizing enzyme, a dehydrogenase, and an oxygenase (a monooxygenase, dioxygenase) 
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are mentioned and it is not especially limited as an oxidoreductase, lactic-acid oxidizing enzyme, a lactate 
dehydrogenase, a glucose oxidase, a glucose dehydrogenase, the ascorbate oxidase, a glutamic-acid 
oxidase, alcohol oxidase, alcoholic dehydrogenase, etc. are mentioned, for example. A substrate oxidant 
is suitably determined in combination with an oxidoreductase. 

[0016] It is more effective if it is made to reduce preferably the concentration of the superfluous salts 
which live together in this case etc. For example, it is good to make a potassium gluconate or sodium salt 
live together in the sodium salt or the potassium salt, glucose oxidase, or glucose dehydrogenase of a 
pyruvic acid in lactic-acid oxidizing enzyme and a lactate dehydrogenase. In addition, as an enzyme and a 
substrate oxidant alkali-metal salt, sodium acetate, potassium acetate, etc. to the dehydroascorbic-acid 
sodium to the ascorbate oxidase, the alpha ketoglutaric acid potassium to a glutamic-acid oxidase and 
alpha ketoglutaric acid sodium, alcohol oxidase, and alcoholic dehydrogenase can be illustrated. Although 
this substrate oxidant and especially the reason that the alkali-metal salts addition contributes to 
preservation stability are not clear, a substrate oxidant fits into the active-center portion of an enzyme, 
and it is thought that the spacial configuration of an enzyme will be stabilized. Buffer action can be given 
only with a substrate oxidant solution by using the salts of a substrate oxidant. Although stabilization is 
realized even if it makes a substrate reductant live together from a viewpoint of spacial configuration 
stabilization of an enzyme, oxidation reaction advances at the moment of adding, since the balance of an 
enzyme reaction generally leans to the oxidant generation side, and it is not desirable. By oxidizing 
enzyme, a hydrogen peroxide may especially generate in many cases, and a hydrogen peroxide may 
destroy an enzyme molecule. 

[0017] Furthermore, it is important to usually save the oxygen density in the circumference environment 
of the aforementioned dryness immobilized-enzyme object in the state of a low compared with the 
atmosphere. As an oxygen density, below 0.1 capacity % is usually mentioned below 0.2 capacity % 
especially more preferably below 0.5 capacity % preferably below 1 capacity %. The enzyme fixed object 
dried in the bag or the container as a method of lowering an oxygen density from the atmosphere is put 
in, and there is the method of blowing and enclosing gases, such as nitrogen and an argon, or making 
them a vacuum etc. Oxygen permeability as a more desirable method 100 ml/m2, atm, and 24hrs It is the 
method of making the matter which encloses an enzyme fixed object into the container which consists of 
a material which is the following, and which can be sealed, and has oxygen-uptake nature living together 
in a container. As matter which has oxygen-uptake nature, oxygen, such as iron, the pure metal which 
reacts and oxygen, the organic substance which reacts can be illustrated. As the quality of the material of 
the container with which oxygen permeability becomes a predetermined value, the bag using 
macromolecules, such as a polyvinyl alcohol derivative and a silicon resin derivative, a metal container, 
etc. can be illustrated. 



[Translation done.] 



^^hnp://\v\\^v4Jpdljpo.gojp/cgi-biiv'tran_web_cgi_cyc 

* NOTICES * 



Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 



1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



EXAMPLE 



[Example] Hereafter, this invention is explained more to a detail using an example and the example of 
comparison. 

[0019] lOmmxlOmm and the alumina-ceramics board with a thickness of 1mm in which the manufacture 
method 2mmx2mm platinum working electrode of an example 1(1) immobilized-enzyme object and the 
counter electrode of this area were formed were used as a base of fixation. To the pH 7.0 sodium 
phosphate buffer solution containing glucose oxidase (sigma company, Type II) lOmg/ml and a lOmg 
[/ml ] cow serum albumin (a sigma company, Fraction V), the solution which added the glutaraldehyde 
was prepared and lOmicro was dropped 1 times on the aforementioned working electrode so that it might 
become the 0.2% of the last concentration, and it dried for 1 5 minutes at 40 degrees C. 
[0020] (2) The buffer-solution component which was immersed into distilled water and used the enzyme 
fixed object created by the substitution above with a substrate oxidant alkali-metal salt at the time of 
fixation was flushed, and, next, it was immersed in potassium-gluconate solution 1%. It was air-dry after 
this processing. 

[0021] (3) The flow type equipment of drawing 1 was equipped with the immobilized-enzyme object 
created by measurement ****(]) of immobilized-enzyme activity, the glucose solution was poured in, 
and the sensitivity was recorded. This was made into initial sensitivity. 

[0022] The outline of the flow type equipment of drawing 1 is shown below. The buffer solution was sent 
[ tub / (1) / buffer-solution ] from the pump (2), and lOmicrol pouring / automatic sampler / (3) ] of the 
glucose sample solution was done. The sent sample passes the glucose oxidase fixed column (7) in a 
thermostat (4), and the glucose in a sample is changed into a gluconic acid. The hydrogen peroxide 
generated simultaneously is regarded by the hydrogen peroxide electrode as change of current value, and 
is detected by the detector (8). 

[0023] In addition, a RS232C code and (1 1) show a sampler control signal, and, as for the inside of 
drawing 1 , and (9), a personal computer and (10) show a liquid-sending pump-control signal, as for (12). 



[0024] (4) The Mitsubishi Gas Chemical oxygen absorbent (tradename : age loess Z20) and the enzyme 
fixed object were enclosed to the Eval resin bag manufacture which carried out retention test aluminum 
covering, and the retention test was performed to it at 40 degrees C after seal. The enzyme fixed object 
after 1000-hour preservation was taken out, and sensitivity was measured on the same conditions as (3). 
The ratio of the sensitivity after the preservation to initial sensitivity was taken, and it expressed as 
remains activity. 

[0025] The result was shown in Table 1. Also after 1000 hours, 80% of activity was shown and 
practically sufficient endurance was shown. 

[0026] It experimented by the same method as an example 1 except having not performed substitution 
processing by example of comparison 1 potassium gluconate. The sensitivity of after (40 degrees C and 
1000 hours) is shown in Table 1. Compared with an example 1, a big activity fall is accepted clearly. 
[0027] Potassium-gluconate substitution was carried out like example of comparison 2 example 1, and 
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the completely same experiment was conducted except having not performed deoxidation at the time of 
preservation. The result is shown in Table 1. Even if compared with the example 1 of comparison, the still 
bigger activity fall was accepted. 

[0028] Example of comparison 3 potassium-gluconate substitution was not performed, and the same 
experiment as an example 1 was conducted, without performing deoxidation also at the time of 
preservation. The result is shown in Table 1. The big activity fall was accepted. 

[0029] It dissolved in 1% potassium-gluconate solution which prepared pH to 7 by the concentration of 
lOmg/ml, and the glucose oxidase used in the example of comparison 4 example 1 was saved at 40 
degrees C as it was for 1000 hours. According to the conventional method, the hydrogen-peroxide assay 
using the par oxidase estimated the enzyme activity before and behind preservation. The remains activity 
was shown in Table 1. Muddiness is accepted in liquid itself and it is thought that decomposition 



Although it has sufficient remains activity even if the fixed glucose oxidase obtained in the example 1 is 
after 1000-hour preservation, and the stable measured value was obtained, the glucose oxidase after 
1000-hour preservation of the examples 1-4 of comparison had inadequate remains activity, and the 
stability of the measured value when measuring using the enzyme after preservation was falling. 



[Translation cjone.] 



occurred. 
[0030] 
[Table 1] 



i oo o$Tfm<Dmmm&% 



mmmi 
tmmi 



4 o 



8 o 

6 5 



3/14/03 5:00 PM 



* NOTICES '* 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 



^^^http:/Av\\^v4jpdljpo.gojp/cgi-bin/tran_\veb_cgi_cjyc 



l.This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** s hows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is drawing of the density measurement equipment used in the example 1 of this invention. 
[Description of Notations] 

1 Buflfer-SolUtion Tub 

2 Pump 

3 Automatic Sampler 

4 Thermostat 

7 Enzyme Fixed Column 

8 Detector 

9 Personal Computer 
10RS232C Code 

1 1 Sampler Control Signal 

12 Liquid-Sending Pump-Control Signal 
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[Drawing 1] 
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